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CHAPTER I 
INTRODUCTION AND PURPOSE 
The authors first became interested in time psychology while 
taking the course, Psychology of Physical Education, Recreation and 
Athletics, given by Dr. John Harmon. Hhile enrolled in a Seminar in 
Health, Physical Education and Recreation under Dr. Arthur G. Miller , 
plans were formulated. During this time the authors had several con-
sultations with Dr. Miller, which resulted in the choosing of a skill 
and the setting up of a time pattern to be used. 
The experiment deals with a comparison of massed practice with 
that of massed followed by evenly-spaced practice on the learning of a 
motor skill. Even though similar time patterns have been used before, 
no one has ever made a comparison of them. The method employed was als 
different from any used in similar experiment s . In previous research, 
girls were used as subjects, and a billiard skill as the motor skill to 
be learned. For their subjects the authors selected ninth-grade boys 
from two different schools and for their motor skill, a shuffleboard 
billiard skill. The various shots were patterned after those of 
Dr. Miller in his experiment . 
The main purpose of this study is to combine previously used 
practice patterns with a different motor skill. Past experiments con-
ducted in this field have used a skill with a short-arm movement , 
-1-
whereas shuffleboard billiard is a long-arm movement. Since the skill 
involved is different from those used in other experiments, it is not 
our intention to compare our results statistically with those of any 
other particular experiments on time patterns . 
Group "A," which used the massed practice pattern of nine days 
straight, will be compared to group "B," which used the massed followed 
by an evenly spaced practice consisting of three days massed and one 
day per week for six consecutive weeks. 
The apparent need of discovering the best spacing of practice 
periods to be employed when learning a new motor skill is evident in 
physical education, where there are so many varying viewpoints on this 
subject. A great deal of research is needed along this line and it is 
hoped that this research may contribute in some measure to the further-
ing of the knowledge in this field. 
2 
CHAPTER II 
REVIEI.J AND ANALYSIS OF THE LITERATURE 
Literature available involving time patterns on motor skills 
reveals that there has been little research done in this field. Within 
the field of psychology most of the tests developed have been directed 
toward mental and aptitude measurement, with little cons ideration made 
toward motor skill measurement with some exceptions concerning voca-
tions. 
y 
Snoddy's experiments with the stabilimeter (mirror writing) 
developed evidence of two opposed processes i n mental growth: primary 
growth (that growth in learning which appears early is stable, is a 
possible function of repetition and interpolated time), and secondary 
growth (that growth in learning which appears later, is highly unstable , 
is enhanced by withdrawal of time and last through the effect of long 
intervals interpolated in the practice). 
y 
Miller worked on primary growth and verified Snoddy's state-
ments concerning primary learning. His work showed that an interpolate 
time pattern of massed practice at the start followed by spaced practic 
was superior to all massed practice or all spaced practice. He found 
!}George S. Snoddy, Evidence for Two sed Processes in Mental Growth 
The Science Press Printing Company, Lancaster, Pa., , p. 
yA. G. Miller, The Effect of Various Interpolated Time Patterns on 
Motor Learning, Doctor's Dissertation, Boston University, 1948. 
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that an additive time interval pattern produced the best results. Pro-
gressively lengthening the time interval between the practice periods 
(the additive pattern) proves beneficial in learning a. ··· new motor skill. 
y 
Lawrence's reliability check of Miller's study found that the 
retention in a massed interpolated spaced learning pattern o f a motor 
skill proved to .be superior to the retention of a motor skill learned 
by a massed learning pattern. 
2/ 
Howland tested college students, using lists of nonsense syl-
lables, and found that those who participated in distributed practice 
showed higher results than those who had participated in mass practice. 
The time interval for the distributed practice extended to a length of 
two days. 
~/ 
Cain and Willey did some testing with nonsense syllables and 
found that recall scores were substantially higher for distributions. 
t:.! 
McGeoch in his book has pointed out the generalization t hat 
some form of positive distribution yields faster learning than does 
massed practice. 
!JD. P. Lawrence, A Reliability Check of Two Interpolated Time Patterns 
in Motor Learning, Master's Thesis, Boston University, 1948. 
2/C. I. Howland, "Experimental Studies in Rate Learning Theory, VI," 
Journal of Experimental Psychology (1940), 26:568-587. 
3/L. F. Cain and R. D. Willey, "The Effect of Spaced Learning on the 
Curve of Retent i on, 11 Journal of Experimental Psychology (1939), 
25:209-214. 
~J. A. McGeoch, The Psychology of Human Learning. Longmans, Green and 
Company, 1947, p. 119. 
4 
Travis suggests that a longer pract ice period required a longer 
rest i n terval between practice for the most rapid learning . 
y 
Lashley's experiment shov1ed improvement s in the acquisition of 
a ski l l regardless of t he degree of dis tribution of time in the first 
half of the total practices, but greater improvement \·lith greater dis -
tribution in the last half of t he prac tices. 
~ 
Cook predicted that massed pr actice s hould be more effective in 
the early trials. 
lti 
Murphy found practices o f three days per week for javelin throw 
ing to be more beneficial to success than pract i ces conducted five days 
per week. 
Kingsley said , "Distributed practice is usually more e ffective 
f or t he time spent than mass ed pract ice." 
~ 
Book has s aid t hat " for a man to change his respons e in any 
respect there must be a stimulus which makes an impression upon its 
r eceptors organs . " 
1/R. C. Travis, "Length of the Practice Period and Efficiency in Motor 
Learning," Journd of Experimental Psychology (1939), 24:339-345. 
2/K. S. Lashley, "The Acquisition of Skill in Archery," Papers from 
Department of Marine Biology of the Carnegie Institution of Washington, 
1915, 7:105-128. 
3/T. W. Cook, "Distribution of Practice and Size of Maze Patterns," 
British Journal of Psychology (1937), 27:303-312. 
4/H. H. Murphy, "Distribution of Practice Periods in Learning," Journal 
of Education Psychology (July, 1916), 7:150-162. 
5/H. L. Kingsley, The Nature and Conditions of Learning. Prentice Hall 
Company, 1947, p. 247. 
5 
, Book also mentioned that the experiments on spaced practice in 
learning suggest the influence of some such preservation tendency and 
the theory that linkage between association and between a particular 
stimulus and its appropriate response tends to be strengthened for a 
time after the stimulus is withdrawn . This is known as "Jost's Law." 
y 
Hilgard and Smith used the Koerth pursuit rotor to test the 
e ffect of distributed practice in motor learning. They varied the time 
interval between practice and the number of practices per day for each 
group . Their results indicated that early in learning a longer rest 
between practice was more favorable than a short rest, while later in 
learning the change to a short rest period brought an increase in the 
scores. 
Boring, Langfeld, and Weld brought out the point that we measure 
learning and retention in terms of how much change in performance has 
taken place in a given unit of time or effort. They gave the name 
"learning" to an incremental change with result from practice and its 
attendant conditions. 
Symonds and Dietrich also worked on memory problems in relation 
!JW. F. Book, op. cit., p. 74. 
2/E. R. Hilgard and M. B. Smith, "Distributed Practice in Motor Learn-
ing: Score Changes Within and Bet\veen Daily Sessions," J ournal of 
Experimental Psycho logy (February, 1942), 30:136-146. 
3/E. G. Boring, H. S. Langfeld , and H. P. Weld , Psychology . John Wiley 
and Sons, New York, 1935, p. 321. 
4/P. M. Symonds and D. H. Dietrich, "The Effect of Variations in the 
Time Interval Between an Interview ," Journal of Abnormal and Social 
Psychology (October, 1941), 36:593-598. 
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to various time intervals. 
The conclusion is well established that over a wide range of con-
ditions some of the positive distribution is a more favorable condition 
1/ 
of learning than is massed practice. 
y 
Boring and his associates have expressed the idea that when a 
period of time separates each trial in learning, the method is called 
distributed learning. \..Jhen tri:als are given without a break, the 
method is called massed practice. They have shown that in almost every 
case some sort of distributed practice is more effective than massed . 
'li 
Ebbinghaus and other experimenters have found that one forgets 
with the passage of time, more at first than later on. 
!-!:} 
Such experimenters as Jost, Lyon, Robinson, and Gates have 
proven that distributed learning is superior to concentrated learning . 
~ 
IVitherington has shown that distributed practice in learning is 
more effective if the work periods are spaced and not too concentrated. 
Also, that massed practice is objectionable mainly because of fatigue 
or boredom . 
!JE. G. Boring, et al., op. cit., p. 322. 
'ijlbid., pp. 156-157. 
3/R . S. Woodworth , Experimental Psycho logy . Hart Co., New York , 1938, 
pp. 211-216. 
!-!)H. E. Garrett, Great Experiments in Psychology. Appleton-Century 
Company, 1930. 
5/H. C. Witherington, Educational Psychology. Giron and Co., New York , 
l946, pp: 176-178. 
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y 
Peterson and his associates in their book felt as Witherington 
did . y 
Lorge included in his book the '~ark of Ruch , who in 1928 gave 
a review of literature dealing with distribution and massing of prac-
tice. Ruch stated the following as of major importance: (1) t he gen-
eral characteristic of the distribution of practice (number and length 
of periods , intervals between periods, degree of learning being con-
sidered, etc.); (2) the type of material being learned; (3) the age of 
the subject ; (4) the aim of the learning; (5) order of repetitions 
within a practice period; (6) manner of studying; and (7) the stage of 
learning . 
3/ 
Troy performed an experiment in time psychology dea l ing with 
the secondary growth level and concluded that practice on this level 
s hou ld perhaps be more often than twice a week. 
~I 
Longley's study showed that massed followed by evenly spaced 
~ 
practice gave a similar result to Miller's additive pattern. Longley 
concluded that Miller's additive pattern is the better of the two 
1/H. Peterson, S. Marzolf, and N. Bayley, Educational Psychology. 
The Macmillan Company , New York, 1948, pp. 320-323. 
yr. Lorge, Influence of Regularly Interpolated Time Intervals Upon 
Subsequent Learning, Bureau of Publications, Teachers College, 
Columbia University, New York City, Number 438, 1939, p. 2. 
3/J. Troy, Jr., A Study of Peak Performance in Relation to Practice 
Periods, Mas ter's Thesis, Boston University, 1948. 
4/G. F . Longley , The Effects of Massed Followed by Evenly Spaced Prac-
tice on Learning a Mo tor Skill, Master's Thesis, Boston University, 194 
~A. G. Miller, op. c it . 
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practice patterns because of Miller's statistically significant gains. 
over all other practice patterns. 
1/ 
Peterson conducted an experiment on ball-tossing and found that 
daily practice brought better results than prac t i ce twice a day. 
"The length of time intervals between trials is a critical 
factor in the relative effectiveness of massed and distributed 
pract ice . If the time is very short or o f zero duration, learn-
ing is likely to suffer because of reduced motivation, inter -
ference, and fatigue . If, on the other hand, the interval is 
too long, considerable forge t ting will occur between trials, 
and hence the efficiency of l earning will be reduced."?) 
1/J. Peterson, "Experiment in Ball-Tossing," Journal of Experimental 
Psychology ( 1917), 2:172-224. 
2/M. E. Arnold, The Significance of an Additive Time Pattern in Learn-
ing a Motor Skill, :t-1aster 's Thesis, Boston University, 1949. 
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CHAPTER III 
PROCEDURE 
Physical Education offers many motor skills \\lh ich can be used for 
research in the unlimited f ield of Time Psychology . Since skills in 
Physical Education can be controlled, isolated, and most important of 
all, can be evaluated, a scientific approach may be applied to this 
1/ 
t ype o f research. Miller's basic experiments have paved the way for 
further study in Time Psychology in that he dealt with the l earning of 
a motor skill . This may prove to be a beginning for similar types of 
research in other fields of education. 
It was decided to use shuffleboard as the activity skill for the 
experiment . The investigation revealed that this was the first time 
shuffleboard had been used in thi s type of experiment . All shots to 
be used by the subjects were standardized and were set up so as to 
y 
follow a pattern similar to those established and used by Miller and 
others in their experiments with billiards. 
From the reviews in research on Time Psychology, it >vas discovered 
that only two types o f skills were used. These were billiards and 
volleyball, and the subjects for such experiments were mos tly girls. 
The authors \·lere able to acquire n inth -grade boys from Lawrenc e and 
Weymouth for their groups. Since the subjects were from two dif f erent 
1/A . G. Miller, op . cit . 
?::/Ibid. 
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localities, it was possible to secure significant data from which 
generalizations might be . established about the still larger groups of 
individuals which these subjects represent . 
Then it was decided that nine practice sessions should be con-
ducted. This also was to include a preliminary session to be used for 
equating the group and for giving instructions. The preliminary 
session consisted of 30 shots to be taken by each subject participating 
in the experiment. The distance between the foul line and the main 
!f 
disc was shortened to five feet. The three shots to the right and 
the three to the left which were used for the preliminary session were 
ent irely dif f erent from those used for the actual experiment. 
Two types of Time Patterns were employed, one being mass practic e 
and the other a combination of mass and evenly spaced practices. The 
former consisted of nine consecutive school days, as follows: Monday , 
Tuesday, Wednesday, Thursday, and Friday of the first week plus Monday, 
Tuesday, Wednesday, and Thursday of the second week . The first Monday 
was prac tice session number 1; the first Tuesday, practice session 
number 2; while the second Thursday was practice session number 9. 
The other time pattern which was of a combination type included three 
consecutive school days during the first week and then one a week on 
Wednesday for the next six weeks . For example, Monday, Tuesday, 
Wednesday, Wednesday, Wednesday, Wednesday, Wednesday, Wednesday, and 
Wednesday are the days of the practice sessions for this group . 
Sessions number one, two, and three would be Monday, Tuesday, and 
12 
Wednesday, respectively, of the f irst week, while number four would be 
the Wednesday of the second week and number nine would be Wednesday of 
the seventh week. When further reference is made to these two time-
pattern groups, the mass practice group tvill be referred to as Group "A ' 
and the mass and evenly spaced practice group will be referred to as 
Group "B." The authors' intentions were to complete the experiments 
with a total of 32 subjects partic ipating in each group. Of the 32 
boys used in Group "A, '' 16 were from La\vrence and 16 were from Weymouth . 
The same procedure was followed for Group ;'B." 
The authors worked out a ser ies of five shots to the right and 
these were duplicated to the left. In order to accomplish this, many 
, 
different types of shots were tried by the authors and also by ninth-
grade boys who would not be in either of the experimental groups. The 
y 
next step was to select the five final shots and also the foul line, 
which was placed ten f eet away from the main disc. Three discs are 
involved in making a successful hit: one, the disc pushed by the sub-
ject; two, the main disc which always maintains the same position ; 
and three, the disc placed for the desired shot. Therefore , the disc 
pushed must hit the main disc and then go on to hit the third disc. 
Whenever possible, precautions were taken to standardize all 
materials and equipment used in the experiment. The discs and shuffle-
board sticks were made by the same person from the same stock of lumber 
The approximate weight of each disc was 12 ounces , the diameter 6 inc 
!_/See page 13. 
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and the thickness 1 inch . One set of angles was constructed and used a 
both schools for the marking of the shots on the floor . In order to 
avoid any error in setting up a shot during the experiment, permanent 
y 
tracing of the c ircumference of each disc was painted on the floor. 
The area where the main disc was to be plac ed was painted in solidly . 
The remaining circles contained only the number of the shot; for 
example, one was marked as 1-L and the others were marked accordingly . 
The selected shots were arranged progressively in the order of their 
difficulty. 
During the entire testing period each subject took 50 shots at 
each of the nine practice sessions, making a total of 450 shots. This 
y 
did not include the 30 preliminary shots which were used for the 
equation and instruction of the groups. Throughout the course of a 
practice session, fatigue was not evident. Interest and enthusiasm 
were quite high for the subjects participating in Group ''A." However, 
the same could not be said for Group "B . " The latter lost a great deal 
of their interest after completing the second week, t-lhich tvould be the 
fourth practice session. The subjects all made comments concerning the 
lapse of time between their practice sessions . This may be one of the 
main factors which contributed to their poor results as compared to 
those of Group "A." 
Throughout the experiment, each participant alternated after 
taking a series of five shots. The s ubjec ts worked in groups of four 
.!)See page 15. 
2/See page 16. 
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at : .an assigned station, and no subject worked with the same group or at 
the same station for two consecutive practice sessions. It was neces-
sary to assign four boys to a station per practice session because o f 
y 
the scoring and because of the distances the discs would travel aft 
a shot had been made. A group of four subjects included one shooter, 
one scorer, and two "set-up' ' men. While a subject took a series of 
five shots at one of the "set-ups," another subject scored the shooter' 
results. The scorer was stationed at the foul line in order to watch 
for any violation which might occur. Whenever a violation was committ 
the boy shooting automatically received a miss for that shot. The two 
"set-up" men returned the discs after a shot had been made. This was 
necessary because on each s ho t the discs would travel in many different 
directioas. 
At each school , four practice stations were arranged. Each 
was located at a corner of the gymnasium and there was enough room to 
e l iminate any interference between the groups. During a practice 
the subj ects worked constant ly to complete their shots and had no time 
to compare their results with those of another group until the session 
was over. The authors were fortunate enough to receive the cooperation 
of their fellow teachers, vJho assisted them with the administration of 
the experiment. Two teachers assisted at all times, making it possible 
to have each teacher supervise at two stations. 
!)Sample score sheet, Appendix, page 38. 
2/See page 18 . 
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Once the initial organization was established, it was time to 
commence with the first practice session. Shot number "one right" was 
attempted five times by the first subject in one of the groups, while 
the second subject was the scorer, and the third and fourth subjects 
were "set -up" men. 
Then the first and second subjects exchanged places as the second 
subject took his five shots at number " one right," and the third and 
fourth subjects continued to "set-up." Afterwards, the third and four 
subjects became the shooter and s corer, respectively, and they in turn 
attempted their five shots a t number "one right," as the first and 
second subjects now served as the "set-up" men. This same procedure 
was repeated for shot number "one left" and also for the remaining 
shots two, three, four, and five from the right and the left. 
The authors instructed the subjects as to the correct method of 
holding the shuffleboard stick and the proper steps to be taken. This 
procedure was demonstrated by the instructors; however, no shot was 
attempted by either instructor . The subjects also were taught what a 
good hit was comprised of and the directions to be followed in taking 
shots. A hit ;;-1as made when the disc used by the subject made contact 
first with the main disc and continued on to make contact with the disc 
placed on the numbered shot. Emphasis was stressed on the importance 
of placing the disc directly \vi thin the circle provided for it . 
Commencing with the first practice session and throughout the 
entire experiment, no instructions were given to any subject. However, 
a brief revie;;v of instructions was given to subjects in Group "B" 
19 
be for e they began with their first practice session, for t wo weeks had 
elapsed since they had received t heir initial instructions . The review 
consisted primarily of the procedure to foll ow, the descrip tion of a 
good hit, and the placement of the disc within the circle provided. 
A few regulations and precautions were used in order to insure 
the success of the experiment. I f a boy had played shuff leboard at 
any previous time , he was not allowed to par·ticipate in t he experiment. 
Any subjec t '11ho missed a practice session \ITas eliminated automatically 
from the experiment and his data were discarded. In addition , subjects 
we re not permit ted to practic e between sessions . All equipment was 
locked in a storage room and used only dur ing the time of scheduled 
practices . The scoring and s et ting-up o f the disc for each s hot were 
conducted by t he s ubj ects, and at no time did the instructor f eel that 
any of the subjects was dishonest or uncooperative. 
· The pract ice sessions were held f rom 10:30 to 11:30 A.-M. at t he 
La\vrenc e Central Ca t ho lic High School , and from 2:45 to 3:45 p.M . at 
t he South Junior High School. It took four subjects approximately 45 
minutes to complete a total of 200 shots, which i s equivalent to 50 
shots eac h . Thir t y -one subjects f in i shed the n i ne practice sessions in 
Group "A , " wi th each subject hav ing taken 50 shots per session. This 
made a total o f 13, 950 shots. In Group "B" thir ty subj ects completed 
nine practice sessions to make a total o f 13,500 shots for th i s group. 
20 
The fo llowing is a summary of the two time patterns: 
Number of 
Practice Session 1 2 3 4 5 6 7 8 9 
Group "A" (January) 17 18 19 20 21 24 25 26 27 
Group "B" (January) 31 
(February) 1 2 9 16 23 
(March) 2 9 16 
Thirty-one subjects in Group "A" and thirty subjec ts in Group 'rs" 
completed the nine practice sessions of the experiment. During the 
course of the testing, nine boys were eliminated and their data dis-
carded . Three of these boys were from Group "A" and the remaining six 
from Group "B . " 
g -,storr University 
Sdr ··i of Education 
:.J rarv 
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CHAPTER IV 
PRESENTATION AND ANALYSIS OF DATA FOR ALL SHOTS 
Significance of data.-- A critical ratio (C.R.) of 2.0 will be 
considered indicative of a significant difference since there are 97.7 
chances out of a hundred that the mean gains for one group are greater 
than for another group. 
The critical ratio (C.R.) of 2.0 was derived from the table of 
"Minimum Values of Significance Ratio Required for Significance at 
1/ 
Various Levels."-
Y -
Table I was prepared to show by use of the critical ratios the 
relationship between the means of Group "A" and Group ''B" for the nine 
practice periods. 
The critical ratio of difference between the first practice 
session of Group "A" and Group "B" is .98. Thereby there are 83.7 
chances out of 100 that the mean for Group "B" is greater than the mean 
for Group "A." 
The critical ratio of difference between the second practice 
session of Group "A" and Group "B ';' is 1.1. Thereby there are 86.4 
chances out of 100 that the mean for Group "B" is greater than the mean 
for Group "A." 
1/R. A. Fisher and F. Yates, Statistical Tables for Biological, Agri-
cultural and Medical Research. Oliver and Boyd, Ltd., Edinburg, 1942. 
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TABLE I 
DIFFERENCES OF THE MEANS OF GROUPS "A" AND "B" 
FOR THE NINE PRACTICE SESSIONS 
Group Mean S.E.m Diff.m S.E.Diff. C.R. 
Practice 1 
A 12.04 .85 mB-mA 1.11 
B 13.13 .72 1.09 .98 
Practice 2 
A 12.48 .83 mB-mA 1.29 1.1 
B 13.90 .99 1.42 
Practice 3 
A 14 . 74 .67 mB-mA 1.1 B 14.84 .87 .10 .09 
Practice 4 
A 13.90 .80 mB-mA 1.183 B 15.70 .87 1.80 1.53 
Practice 5 
A 14.84 .79 mB-mA 1.179 B 13 .53 .88 -1.31 -1.11 
Practice 6 
A 15.68 .78 mB-mA 1.063 B 12 .35 .72 -3 .33 -3.14 
Practice 7 
A 15.86 .99 mB-mA 1.337 -2.01 
B 13.17 .90 -2.69 
Practice 8 
A 15 .34 .92 mB-mA 1.187 -1.03 
B 14.13 .7 5 -1.21 
Practice 9 
A 16.39 .84 mB-mA 1.053 .17 
B 16.57 . 63 .18 
~~~=+===========================+=== 
The critical ratio of difference between the third practice 
session of Group "A" and Group "B" is .09. Thereby there are 53.6 
chances out of 100 that the mean for Group "B" is greater than the mean 
for Group "A." 
The critical ratio of difference between the fourth practice 
session of Group "A" and Group "B" is 1. 53. Thereby there are 93.7 
chances out of 100 that the mean for Group '~" is greater than the mean 
for Group "A." 
The critical ratio of difference between the fifth practice session 
of Group "A" and Group "B" is -1.11. Thereby there are 86.7 chances 
out of 100 that the mean for Group "A" is greater than the mean for 
Group "B." 
The critical ratio of difference between the sixth practice session 
of Group "A" and Group "B" is -3.14. Thereby there are 99.9 chances 
out of 100 that the mean for Group "A" is greater than the mean for 
Group "B" and is probably not due to sampling fluctuations. 
The critical ratio of difference between the seventh practice 
session of Group "A" and Group "B" is -2.01. Thereby there are 97.8 
chances out of 100 that the mean for Group "A" is greater than the mean 
for Group "B" and isprobably not due to sampling fluctuations. 
The critical ratio of difference between the eighth practice 
session of Group "A~' and Group "B" is -1.03. Thereby there are 84.9 
chances out of 100 that the mean for Group "A" is greater than the mean 
for Group '~. " 
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The cri tical ratio of difference between the ninth practice session 
of Group ''A':' and Group "B" is .17 . Thereby there are 56.8 chances out 
25 
of 100 that the mean for Group "B" is gr eater than the mean for Group "A ' 
Table II cont ains the raw scores, means, ranges, and standard 
deviations for the nine practice sessions of Group "A . " This table is 
found on page 26 . 
Table III contains the raw scores, means, ranges, and standard 
deviations for the nine practice sessions of Group "B." This table is 
found on page 2 7 . 
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TABLE II 
RAW SCORES , MEANS , RANGES , AND STANDARD DEVIATIONS 
FOR THE NINE PRACTICE SESSIONS FOR GROUP "A" 
Name a 2 3 4 5 6 7 8 9 Total 
1 W.B. 14 22 15 10 22 14 12 12 19 140 
2 D.D. 12 5 11 9 18 12 15 18 17 117 
3 J.D. 10 13 17 14 19 10 14 18 12 127 
4 J.E. 12 14 17 16 20 16 15 19 13 142 
5 T.E. 4 9 12 9 11 10 14 9 8 86 
E. F. 7 6 13 14 14 15 11 8 12 100 
S.F. 13 15 8 10 11 12 7 14 13 103 
R.L. 14 10 17 16 15 21 27 10 19 149 
D.M. 9 12 19 16 20 10 16 14 15 131 
J.M. 15 9 12 13 11 20 15 15 19 129 
D.M. 16 10 14 22 15 14 15 15 20 141 
E.P. 11 13 20 18 18 15 14 16 16 141 
J.P. 12 12 15 14 16 18 14 12 15 128 
K.P. 8 12 10 14 15 11 11 4 10 95 
C.P. 4 3 8 5 8 13 12 8 9 70 
D.R. 16 10 16 12 20 14 11 17 11 127 
S.A. 21 17 18 16 14 20 20 16 20 162 
M.C. 15 18 14 18 17 24 18 17 18 159 
:K.Z. 10 12 16 16 16 10 12 13 14 119 
R.D. 6 7 12 21 24 25 28 27 27 177 
J.Z. 13 14 15 21 20 22 19 18 20 162 
T.M. 21 17 15 10 10 15 11 15 15 129 
D.L. 16 18 16 14 14 18 28 26 25 175 
G.S. 8 15 13 11 16 20 14 17 19 133 
J.C. 12 13 12 16 13 11 16 15 16 124 
P.L. 13 14 15 18 16 16 18 19 18 147 
W.F. 9 18 15 7 10 14 14 11 13 111 
W.M. 18 15 19 15 24 20 23 23 24 181 
L.C. 19 18 26 16 19 19 22 25 26 190(H) 
K.S. 13 14 18 17 19 18 18 16 17 150 
G.L. 0 3 9 3 6 9 5 8 8 51 
Total 371 388 457 431 491 486 489 476 508 4096 
Mean 12.04 12.48 14.74 13.90 14.84 15.68 15.86 15.34 16.39 
S.D. 4. 72 4.53 3.72 4.44 4.39 4.36 5.54 5.14 4.68 
Range .. 21 19 18 19 18 16 23 23 19 139 
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TABLE III 
RAW SCORES, MEANS , RANGES , AND STANDARD DEVIATIONS 
FOR THE NINE PRACTICE SESSIONS FOR GROUP "B" 
Name 1 2 3 4 5 6 7 8 9 Total 
1 P.S . 21 24 24 23 18 19 21 20 22 192 
2 H.R. 18 18 23 23 21 18 22 24 20 187 
3 D.S. 14 19 14 20 22 19 20 21 25 174 
4 V.J. 16 18 23 20 21 17 21 19 19 174 
5 G.C . 16 19 19 21 19 20 12 18 22 166 
R.F. 15 18 20 24 19 13 12 14 16 151 
M.R. 15 21 16 20 14 15 16 14 17 148 
C.E. 12 17 18 17 12 17 19 19 16 147 
M.H. 13 16 20 13 17 16 13 16 18 142 
D.J. 14 16 18 21 17 9 15 16 15 141 
H.W. 15 18 20 16 14 12 13 15 16 139 
R. P. 13 23 18 14 8 10 13 13 17 129 
C.J. 14 15 16 16 17 12 6 12 19 127 
M.B. 18 12 13 16 12 14 7 12 19 123 
M.D. 11 8 11 17 13 12 22 12 17 123 
J .M. 14 14 15 15 8 16 14 11 12 119 
R.R. 9 15 17 19 10 10 10 12 16 118 
K.S. 13 12 14 8 16 10 10 12 19 114 
e.G. 17 16 17 12 7 11 8 10 16 114 
D. F. 4 9 11 21 12 12 14 14 16 113 
T.G. 8 8 12 14 6 6 13 20 21 108 
W.P. 12 8 11 15 13 6 9 15 17 106 
D.F. 8 3 13 10 18 11 16 12 13 104 
W.P. 8 10 13 14 10 11 13 10 15 104 
G.P. 15 13 8 12 12 10 8 13 13 104 
L.R. 11 16 13 10 8 9 11 12 14 104 
B.W. 5 7 12 8 13 11 17 15 12 100 
B.A. 9 7 3 17 16 11 7 8 14 92 
D.R. 15 6 9 9 8 6 7 8 11 79 
L.J. 8 9 12 4 5 8 6 7 10 69 
Total 381 415 453 469 406 371 395 424 497 3811 
Mean 13.13 13.90 14.84 15.70 13.53 12 . 35 13.17 14.13 16.57 
S.D. 3.88 5.32 4.68 4. 70 4. 73 3.89 4.87 4.04 3.41 
S.E.m .72 .99 .87 .87 .88 .72 .90 .75 .63 
Range 17 21 21 20 17 14 16 17 15 
Pr.Per. 1 2 3 4 5 6 7 8 9 
TABLE IV 
THE: CRITICAL RATIO OF THE DIFFERENCE 
BETWEEN THE FIRST PRACTICE PERIOD AND THE NINTH PRACTICE PERIOD 
FOR GROUP "A" 
Practice 
1 
9 
No. 
31 
31 
Mean 
12.04 
16.39 
S.Ertl 
.86 
.85 4.35 
C.R. 
1.21 3.51 
The critical ratio of the difference between the means of the 
first practice and the ninth practice was 3.51. There were 99.98 
chances out of 100 that the true difference was greater than zero, that 
i s, there were 99.98 chances out of 100 that the means of the last 
practice were greater than the means of the first practice period for 
the massed group. This showed a statistical significance. 
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TABLE V 
THE CRITICAL RATIO OF THE DIFFERENCE 
BETWEEN THE FIRST PRACTICE PERIOD AND THE NINTH PRACTICE PERIOD 
FOR GROUP "B" 
Practice 
1 
9 
No . 
30 
30 
Mean 
13.13 
16 . 57 
.72 
.63 3.44 
C.R. 
.96 3.79 
The critical ratio of the difference between the means of the 
first practice and the ninth practice was 3.79. There were 99 . 99 
chances out of 100 that the true difference was greater than zero, that 
is, there were 99.99 chances out of 100 that the means of the last 
practice were greater than the means of the first practice period for 
the massed followed by the evenly spaced group. This showed a statis-
tical significance. 
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TABLE VI 
DIFFERENCE IN MEAN GAINS OF ALL SHOTS 
FOR GROUP "A" , THE MASSED GROUP ; 
AND GROUP "B" , THE MASSED FOLLO\.JED BY EVENLY SPACED GROUP 
FOR THE NINE PRACTICE PERIODS 
Group 
A 
B 
No . 
1 - 9 
1 - 9 
Dmg 
4.35 
3.44 
S.E. 
mg 
1.21 
l. 96 . 91 1.55 
C.R . 
.587 
The critical ratio of the difference of the mean gains between 
the Massed Group and the Massed followed by Evenly Spaced Group for 
the nine practice periods on all shots is . 587. There are 72 . 24 chanc 
out of 100 that the mean gain of the Massed Group was greater than the 
mean gain of the Massed followed by Evenly Spaced Group. This is not 
a significant difference. 
30 
Graph I on page 32 shows the mean scores of Group "A" for the nine 
prac tice sessions on all shots. It shows quite clearly that there was 
a steady increase with two exceptions when there was a drop during the 
fourth and eighth practice periods. 
Graph II on page 33 shows the mean scores of Group "B" for the 
nine practice sessions. It will be noted that there was a continuous 
increase for the first four sessions. Then it showed a drop for 
sessions five and six. The seventh through ninth sessions showed a 
steady increase. The highest gains were shown on the ninth pract i ce 
session. 
The drop between the fourth and fifth and the fifth and sixth 
practice sessions could be fairly well explained by the fact that the 
subjects were on vacation during this period and were not as enthusi-
astic about practice as previously. Also, this drop may be accounted 
for by the long intervals between sessions, during which time the sub-
jects forgot some of the things they had .learned. 
A compar i son of the mean scores of Groups "A" and "B" will be 
found in Graph III, page 34 . Although Group ''B" shows the largest 
drop, it will be noted that this group ended with the highest gain on 
t he ninth practice session. The learning curve for Group "A" was more 
even than the learning curve for Group "B", which probably was due to 
the different time patterns used. 
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CHAPTER V 
SUMMARY AND CONCLUSIONS 
Summary.-- The effect of Massed compared with Massed followed by 
Evenly Spaced Practice on Learning a Motor Skill is an experimen t in 
Time Psychology that involves shots in shuffleboard. This experiment 
differs from experiments done in this field previously. The motor 
skill to be learned was changed from billiards to a skill in shuffle-
board. This skill could be controlled and evaluated easily. A group 
of 37 male s tudents from the ninth grades of Lawrence Central Catholic 
High School and South Weymouth Junior High School were used as subjects 
for Group "A," of which number, 31 finished. 
A group of 34 male students from the ninth grades of the above-
mentioned schools were used as subjects for Group "B," of which number, 
30 finished. 
Five shots were used throughout the experiment. A practice period 
consisted of ten tries, five on the right and five on the left, for a 
total of 50 shots per practice period. The nine practice periods for 
Group "A," which used the massed practice pattern, was for nine con-
secutive school days. The exact pattern used was as follows: Monday, 
Tuesday, Wednesday, Thursday, and Friday of the first week and Monday, 
Tuesday, Wednesday, and Thursday of the second week. 
The practice periods for Group ''B," which used the massed followed 
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by evenly spaced practice pattern, ran for three consecutive school 
days and then each Wednesday for six weeks. The exact pattern used 
was as follows: Monday, Tuesday, Wednesday of the first week, and 
then Wednesday, Wednesday, Wednesday, Wednesday, Wednesday, Wednesday 
fo r six weeks. 
Precautions were taken to standardi ze all materials and equipment 
used in the experiment. Whenever possible, conditions and factors were 
kept similar to previously conducted experiments in Time Psychology. 
At the conclusion of the experiment, all data were treated 
statistically and then ana~yzed. 
Learning increased throughout the experiment for Group ·~.~ 
There was a slight drop between the thir d and fourth practice sessions 
and between the seventh and eighth practice sessions, but this was not 
significant. The group reached its highest level of achievement on 
the ninth practice session. 
The mean scores of Group '~" showed progress through the fourth 
practice session. There was a drop between the fifth and sixth prac-
tice sessions. From the seventh through the ninth practice sessions 
the group gained steadily and reached its highest level of achievement 
in the last practice session. 
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Conclusions.--
1. It was quite evident that learning took place. 
2. Interest was maintained in the massed group but was spasmodic 
in the massed follm..red by evenly spaced group. 
3. The element of fa tigue was not noticed by the authors or 
supervisors throughout the experiment. 
4. There were no statistically significant differences between 
the two groups through the fourth practice session. 
Significant differences do occur between the fifth, sixth, 
and seventh practice sessions. 
5. There were no statistically significant differences in the 
fina l results between the mean gains of the two groups. 
However, the mean gains for Group "A," (massed group) was 
slightly higher than t he mean ga ins of Group "B" (massed 
followed by evenly spaced group). 
37 
APPENDIX 
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SCORE f.F1E'E'£' 
GROUPr. 
I 
1i 
.J I·~ SUCCESSl~L SHOT 
0 ~. UNSUCCESSFUL SHO'i' 
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